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IMMIGRANT FOREST 
Figure 1 


Twenty-two year old planting of Eucalyptus saligna on the Rio Claro Experimental Farm. 
This species has been one of the most widely planted in the Brazilian forestation projects. It is 
the most extensively planted of the eight species that have been chosen for special observations. 
Experimental plantings of 75 species, some of these not yet adequately tested, may result in the 
replacement of saligna by other species or by hybrids. 
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EUCALYPTUS IMPROVEMENT 


C. A. KruG AND A. SILVEIRA ALVES 
(Continued from the May issue) 


Species Trials 


S previously mentioned, a detailed 
A study of the principal economic 
characters has been carried out 
on all species available at the Rio Claro 
Station and at some other Stations. As 
a consequence of this preliminary study, 
ic was realized that there are species ex- 
isting, so far not cultivated on a large 
scale, which reveal certain exceptionally 
good characters. For instance, E. gran- 
dis Maiden was found to have the high- 
est average diameter, when compared 
with other species of the same age, very 
excellent straight trunk development 
and a low percentage of weaklings or 
suppressed trees. On the other hand, it 
was realized that there is much to be 
learned concerning the behavior of many 
of the important species in different re- 
gions of the State of Sao Paulo. It was 
therefore decided to establish, in at least 
two regional Stations of the Company, 
at Aimorés and Bebedouro, two types 
of species trials. One would include only 
species for firewood, the first cut to be 
made eight years after planting. The sec- 
ond would include only species to be 
used for posts and other purposes, only 
to be cut after 20 to 30 years. In each 
experiment ten species were planted in 
randomized blocks with five replica- 
tions; each plot contains 50 trees with 
two border rows around each plot; the 
entire experiment has two additional 
buffer rows. The experiments which in- 
clude species intended for use as fire- 
wood, were planted 2 2 meters, as is 
the common practice; the distance be- 
tween trees being a little wider (2.5 x 
2.5) meters for the experiments designed 
for the study of species to be used for 
other purposes. 
The following species were included: 


a) For Frrewoop: 
E. umbellata 
E. saligna (of two origins) 
E. punctata 


E. resinifera 

E. grandis 

E. kirtoniana var. patentinervis (?) 
E. propinqua 

E. grandifolia 
E. alba 

E. longifolia 

E. botryoides 

E. robusta 

E. wmbra 

E. paulistana 

E. camaldulensis 
E. bosistoana 

E. eximia 

E. maideni 


b) For Posts, ETc. 
E. saligna (of two origins) 
E. citriodora 
E. maculata 
E. resinifera 
E. occidentalis var. oranensis 
E. grandis 
E. kirtoniana var. patentinervis (?) 
E. propinqua 
E. alba 
E. umbellata 
E. longifolia 
E. botryoides 
E. punctata 
E. pilularis 
E. paniculata 
E. bosistoana 
microcorys 
E. camaldulensis 


Several species were therefore includ- 
ed in both types of experiments. 

So far six such experiments have been 
planted, four at Aimorés and two at 
Bebedouro. At the first of these Sta- 
tions they include a total of 25,568 trees, 
covering an area of approximately 
thirty-two acres; at Bebedouro they 
comprise 12,032 trees, planted on an 
area of a little over fifteen acres. 

In spite of being only four years old, 
these trials are already furnishing very 
interesting data on percentage of miss- 
ing and weak or suppressed trees and on 
height and diameter growth. Concern- 
ing height, E. alba, E. saligna and E. 
grandis, one and a half years after plant- 
ing, showed the highest averages, re- 
spectively, 6.50 m., 6.30 m. and 5.70 m. 
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EUCALYPTUS HYBRIDIST AT WORK 


Figure 2 
The selection and breeding of superior 
Eucalyptus involve the arts of the lumberjack 
and the trapeze artist as well as the principles 
of Mendel. Here a worker in the Rio Claro 
forest is climbing a selected tree of Eucalyptus 
saligna to collect seed. 


at the Bebedouro Station. The highest 
average diameter, measured at 1.50 m. 
from the soil, three years after planting, 
was found at the Aimorés Station for E. 
alba (81 mm.), E. grandis (76 mm.) 
and E. punctata (74 mm.). The per- 
centage of “missing” trees is highest for 
E. eximia (44:8%) and lowest for E. 
alba (1%). Weaklings are most fre- 
quent for E. bosistoana (9%) and so 
far completely lacking for E. saligna and 
E. punctata. 
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These trials will no doubt furnish 
very valuable information regarding the 
economic importance of these species un- 
der various environmental conditions 
and contribute useful data for the future 
breeding work. 

Breeding Aims 

At the start of this work, the Paulista 
Railroad Company owned about 27 mil- 
lion Eucalyptus trees, planning to in- 
crease its plantations to about 60 million 
trees, covering an approximate area of 
60,000 acres. The main purpose of the 
plantings is to furnish firewood for the 
Company’s locomotives, but also posts 
and ties for its tracks. It was therefore 
apparent that fast growth and highest 
production of wood per acre had to be 
the most important object in the breed- 
ing work. By inspecting many of the 
Company’s plantings, it was concluded 
that a considerable improvement can be 
obtained in this respect, as most of them 
are rather heterogeneous (mixture of 
species, natural hybrids, etc.) including 
many weak and slow growing trees. The 
percentage of missing plants is some- 
times also rather high. If the plantings 
are to be used for firewood, the bark 
of the trees should be thin and the wood 
should have a high density. Its anatom- 
ical structure should favor a rapid loss 
of moisture and it is of no importance 
that the volumetric contraction is ac- 
companied by splitting of the wood. For 
the production of ties and posts, how- 
ever, other factors must be taken into 
account. 

For these purposes, certain species 
must be selected for slower growth and 
special wood qualities, for instance, to 
ensure a uniform shrinkage in order to 
avoid splitting. For posts uniform verti- 
cal growth and high flexibility are also 
important. The Instituto de Pesquisas 
Tecnologicas of the University of Sao 
Paulo has already investigated the wood 
qualities of numerous Eucalyptus spe- 
cies and its specialists are cooperating in 
the breeding of better types for these 
purposes. 


Breeding for disease resistance (bark ; 
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THE RIO CLARO STATION 


Figure 3 


The home of the chief of the forest service of the Rio Claro Experiment Station of the 
Paulista Railroad Company. This photograph was taken in 1939 at which time 3,000,000 trees 
comprising 110 species imported from Australia, were growing in this 6,000 acre forest. The 
planting of Eucalyptus in the State of Sio Paulo represents the largest mass immigration, in 
terms of numbers of individuals and of species involved, of any forest tree introduction program 


in the world. 


diseases) and for resistance to termites 
(Anoplotermes sp.) will also be of spe- 
cial importance in several of the region- 
al stations. 


Mass Selection 


Even the most commonly cultivated 
species of eucalyptus have not yet been 
submitted to any artificial improvement. 
They are the result of long time natural 
selection, particularly in the wild Aus- 
tralian forests. The introduction of 
Eucalyptus species into cultivation has 
occurred at a rather recent date. The 
oldest plantings of the Paulista Railroad 
Co. were derived from seeds imported 
from Australia, and at least some of 
these were probably collected from wild 
growing trees. 

In dealing with such a wide variety 
of unselected material, it was expected 
that even through mass selection a con- 
siderable improvement could be ob- 
tained. In order to provide the Com- 
pany’s forest stations as soon as possi- 


ble, with better seed than was used 
up to 1942, it was decided to pre- 
pare mixtures of seed collected from nu- 
merous selected trees of the principal 
species having recognized desirable char- 
acters. Tens of thousands of trees were 
studied individually and the seeds col- 
lected from the most outstanding ones 
(Figure 4). Since 1943 all plantings, 
now totalling about 11 million trees, 
have been established by using seed mix- 
tures from a limited number of selected 
trees. As a result, the recent plantings 
are without doubt, much more uniform 
with a considerable reduction in num- 
ber of weaklings and “missing” trees 
than the old plantings established with 
unselected seeds. 

Final yield data from these new plant- 
ings are not yet available, as the first 
cutting will not be made until 1951. 
However, comparative estimates have 
recently been made, and these indicate 
that the new plantings will give a con- 
siderable increase in the volume of wood 
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production per acre. For example, at 
the Aimorés Forest Station, production 
from the 1941 and 1942 plantings, es- 
tablished with unselected seed and to- 
talling approximately 4 million trees, is 
estimated at about 60 cubic meters of cord 
wood per acre. In comparison the more 
recent plantings, derived from selected 
seeds and planted in 1943 and 1944 
(about 1.5 million trees) are expected 
to produce almost twice as much (112 
cubic meters per acre). 


Pedigree Breeding 


Assuming that cross fertilization is 
predominant in most of the Eucalyptus 
species, it seems logical to admit that 
plantings established from seed of a giv- 
en species would represent populations 
of complex heterozygotic individuals, an 
excellent starting point for the separa- 
tion of more uniform selected material. 
To extract from these mosaics the geno- 
types which are best adapted to a 
given environment, and propagate them 
adequately, was the second step in the 
new breeding program. 

Up to the present date (September 
1948) more than 20,000 trees have been 
examined and out of these about 10% 
have been selected for a more detailed 
study. The following are the main char- 
acters taken into consideration in mak- 
ing individual selections: trunk diam- 
eter; height; type of growth; botanical 
characteristics; resistance to disease. 
Each selected tree is numbered with a 
5 < 5 cm. metal plate and its characters 
are noted on special cards; from many 
of them herbarium sheets are prepared. 
The ripe fruits of selected trees are gath- 
ered and dried separately for seed col- 
lecting to be used in progeny testing 
(Figure 4). The elite trees are also 
propagated by grafting. 


TABLE II. Summary of selection program. 
Total No. No. and % of selected 


Species of trees examined trees 
E, alba 1,512 162 10.7% 
E. citriodora 2,146 194 9.0% 
E. melanophloia 164 4 2.4% 
E. saligna 6,522 534 8.2% 
E. umbra 20 . 10 50.0% 
E. umbellata 3,182 242 7.6% 
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A total of 75 species have already been 
submitted to these individual selections, 
the highest number of selected trees per- 
taining to E. saligna; E. umbellata; E. 
alba and E. citriodora. The value of the 
basic material available for these selec- 
tions varied considerably as one con- 
cludes from the data presented in Table 
II. 

Some of the individual selections of 
species specially fitted for firewood, were 
also based on the vigor and diameter of 
the new growth developed after the first 
cut (usually 2-3 shoots are left on each 
stump). 


So far only 239 trees have been chosen for 
progeny testing in seven “lattice” experiments, 
located at the Aimorés and Loreto Forest Sta- 
tions. These progenies originate from the fol- 
lowing species: 49 each from E. saligna, E. 
alba, E. umbellata and E. citriodora; 25 from 
E. grandis; 9 from E. propinqua and 9 from 
E. saligna, of different origin than the above 
mentioned. The number of replications in 
each experiment is usually 4, the number of 
trees per plot being 49, of which 24 are of 
the border rows. The seven experiments 
comprise a total of 45,619 trees (excluding 
the external border rows) covering an ap- 
proximate area of 50 acres. 


For these trials no selfed seed was used, 
as it was almost impossible to protect the in- 
florescences with paper bags on the high 
crowns of the eucalyptus trees and as no data 
were then available concerning the passible 
detrimental effect of artificial inbreeding. 

The trials were planted in 1944 to 1947. 
Marked differences have been found regard- 
ing growth rate and percentage of “missing” 
plants among these progenies. For instance, 
the average height of the trees, measured 1%4 
years after sowing, varied for E. umbellata 
progenies between 2.60 and 4.10 m.; for E. 
alba between 3.90 and 5.40 m., and for E. 
grandis between 3.20 and 4:80 m. The per- 
centage of “missing” plants varied in these 
progenies between 0 and 49%. These data 
indicate that considerable differences exist 
among the progenies of these species. 


TABLE III. Wood characteristics of selected species. 


Specific* Shrinkage* 
weight per cent 
E. citriodora 1.04 19.4 
E. maculata 0.81 16.4 
E. gummifera 0.72 13.2 
E. cinerea 0.60 22.9 
E. saligna 0.69 23.4 
E. occidentalis var. oranensis 0.70 18.3 
E. pilularis 0.82 16.5 
E. umbra 0.86 15.9 


*Data extracted from a Table published by Brotero.* 
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DRYING SELECTED SEED 


Figure 4 


Special bins for drying seed picked from selected trees. The eucalyptus breeding program 
of the Paulista Railroad Company is benefiting many parts of Brazil far beyond the state of 
Sio Paulo. Considerable amounts of selected seed have been sold to private planters all over 
Brazil. Since none of the native forest trees of Brazil can compete with eucalyptus in rate of 
growth, and in total production per acre, the ultimate benefit of this plant introduction to-.a 
country in desperate need of timber is incalculable. 


Hybridization 

Blakely? makes reference to about 
thirty supposed natural hybrids encoun- 
tered in Australia and some other coun- 
tries. Navarro’ describes the E. paul- 
istana as a natural hybrid between E. 
globulus and E. robusta. However, most 
of these hybrids do not seem to be of 
any special economic importance. 

As by pedigree breeding it is only pos- 
sible to separate highly selected and well 
adapted lines and to propagate some mu- 
tant or some natural hybrid of unknown 
origin, it was decided that artificial hy- 
bridization should also play an impor- 
tant role in the breeding program. In 
planning the crossings it was of course 
necessary to discriminate between hy- 
brids to be used for the production of 
firewood and those to be used for other 
purposes. One of the first things to be 
determined was whether there is any 


heterosis effect in species crosses. This 
seems to be the case, as the botanical 
characters of many of the most vigorous 
selected trees were not typical of any of 
the well-known species, but very often 
intermediate between two closely relat- 
ed ones, suggesting them to be natural 
hybrids. 

As stated before, the wood of Euca- 
lyptus species is extremely variable in 
its physical characteristics. Not a sin- 
gle species, however, seems to combine 
all favorable wood characters for some 
of the common industrial purposes. FE. 
citriodora and E, umbellata are consid- 
ered by local specialists to be the best 
suited ones for furniture, etc., their spe- 
cific weight being, however, rathér high, 
for instance, 0.98 - 1.04 for the former 
species. It is assumed that a good eu- 
calyptus for industrial purposes (furni-- 
ture, etc.), should have the following 
characters : 


j 
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LOGGING OPERATIONS 
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Figure 5 


This shows the preparation of 15 year old eucalyptus logs for treatment in preservative. 
These logs will be used for foundations of buildings. The planting shown here is made up of 
mixed species 25 years old at the time the photograph was taken. 


1) Relatively slow growth. 
2) hag of average specific weight (0.60- 
3) Slight shrinkage. 
4) Thick bark to avoid rapid water loss 
after felling. 
5) Wood structure which favors a uniform 
and slow shrinkage. 
6) Absence of resin purses in the wood. 
7) Minimum loss of wood damaged by splits 
or torsion. 
Species which are thought to be of 
special interest for hybridization are 
listed in Table III. 


The hybrid combinations should be 
made in various directions and F,’s and 
their descendants studied in comparison 
with the progenies of the parental trees. 

The progress in such an enterprise is, 
of course, very slow; but the economic 
importance of obtaining a new eucalyp- 
tus with favorable characters for various 
industrial purposes is so great in a coun- 
try where the natural wood resources 


are, most unfortunately, so fast and in- 
discriminately destroyed, that it is‘ cer- 
tainly worthwhile to engage in such a 
project. 
Special Seed Plots 

To ensure the annual production of 
large quantities of selected seeds for 
their own plantings and for sale, special 
seed plots of the following eight main 
species were established: 


E. saligna 1,600 trees 
E. grandis 1,000 “ 
E. citriodora 1,000 “ 
E. alba 800 “ 
E. umbellata 400 “ 
E. punctata 400 “ 
E. resinifera 500 “ 
E. globulus 80 “ 
5,780 trees 


They were planted with the best pro- 
genies of each species, the trees being 
placed at a distance of 10 X 10 m. to 
ensure the development of large crowns. 


V 

SC 
organ 
in the 
have ; 
tronor 
ogy. 
precec 
er the 
Sages 
the G1 

*4 
illustrat 


= 
In 

ing 
onc 
tobe. A unc 

ian 
mas 
Pat 
larly 

port 
in th 

new 
speci 

ble. 
4 sou 
belie 
itself 
differ 


Krug and Alves: Eucalyptus Improvement 


Instead of planting only one seedling in 
each place, four were planted at the cor- 
ners of a square meter, three of them 
being later eliminated, specially when 
they showed some variations from the 
type. 
General Conclusions 

The above outlined research concern- 
ing some fundamental aspects of tax- 
onomy, cytology, genetics, flower morph- 
ology and biology, seed constitution and 
breeding methods adapted to eucalyptus 
will no doubt help to provide a better 
understanding of this important Austral- 
ian forest genus. It is also apparent that 
mass selection, as indicated, will soon 
give considerable profit not only to the 
Paulista Railroad Co., but also to many 
private planters, as considerable amounts 
of selected seeds have already been sold 
by the Company all over Brazil, particu- 
larly in the State of Sao Paulo. On the 
other hand, it is to be expected that 
some of the other lines of the above de- 
scribed eucalyptus breeding project will 
not furnish any results of economic im- 
portance in the near future. However, 
in the long run, even the development of 
new varieties, through hybridization, 
specially fitted for furniture and other 
industrial uses is, no doubt, also feasi- 
ble. In a country where natural wood 
#sources are rapidly disappearing, it is 
believed that this genus, which adapted 
itself so extraordinarily well in many 
different sections of Brazil, deserves 
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special attention, as none of the native 
forest plants can so far compete with it 
particularly in view of its fast growth 
rate and total production per acre. The 
work carried out by the Paulista Rail- 
road Co. stands out as an excellent ex- 
ample of what can and should be accom- 
plished by other private concerns. 
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GREEK BIOLOGY 


WENTY-FIVE years ago Profes- 

sor Gregory D. Wolcott started the 
organization of a series of source books 
in the history of science. Four volumes 
have appeared since then, works on as- 
tronomy, mathematics, physics and geol- 
ogy. This,* the fifth, differs from the 
preceding in that it covers a period rath- 
er than a discipline. It contains pas- 
sages of scientific interest selected from 
the Greek classics beginning with those 


written in the fifth century before Christ 
and extending to the decline of Greek 
science. It does not cover the incidental 
passages on science in Patristic litera- 
ture nor that portion of Roman science 
which was not a mere reflection of the 
Greek originals. The scope is thus sharp- 
ly delimited but, within the chosen peri- 
od, the most important and illustrative 
excerpts are selected from the works on 
mathematics, astronomy, geography, 


*A Source Book of Greek Science. Morris R. Conen anv I. E. Draskin. xxi+579 pp. 
illustrated. New York (McGraw Hill Book Co.), 1948. $9.00. 
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physics, chemistry, meteorology, zool- 
ogy, botany, medicine, and physiological 
psychology. 

The editors are careful to point out 
that a source book is not a substitute for 
a history of science but a supplement, a 
really important supplement. Used alone 
it gives a very false picture because a 
good source book, by its very nature, 
must be extremely selective, and the ma-: 
terial it selects must be important in it- 
self, rather than representative of the 
period from which it is taken. The 
whole aim of such a book is to make 
available to students the great classical 
advances in science, exactly as they were 
first recorded. This worthy objective 
needs no apology, but divorced from 
other historic data, these great forward 
steps make past periods seem more ad- 
vanced than they actually were. Within 
a proper historical framework, however, 
a source book becomes a most valuable 
adjunct. It brings together, in a con- 
venient form, primary sources which are 
difficult and often impossible to consult. 

The amount of space allotted the sev- 
eral sciences varies greatly. This is to 
be expected when we consider the edi- 
tors’ special interests and competences. 
The allotment of space, however, seems 
basically fair, although perhaps unex- 
pected to those of us who are acquainted 
primarily with twentieth century sci- 
ence. We must remember that in clas- 
sical times, the relative importance of the 
sciences and the degree of their develop- 
ment were very different from what they 
are at present. Thus physics is given al- 
most twice as much space as the next 
most comprehensively illustrated  sci- 
ence, mathematics. Chemistry has only 
one ninth as many pages as physics. The 
biological sciences, together with medi- 
cine and physiological, psychology take 
up approximately one fourth of the 
whole, an adequate proportion, approxi- 
mately equal to that given physics alone. 
The biological portion probably contains 
more of interest to the readers of the 
JouRNAL oF Herepity than does the 
part devoted to the physical and mathe- 
matical sciences. Unfortunately this is 
by far the weakest section of the book. 


On reading the excerpts from the 
physical sciences, one is impressed with 
the great variety of sources, with the ex- 
cellent judgment shown in making the 
selections and with the wealth of mate- 
rial from which the editors had to 
choose. On the other hand practically 
all of the zoological samples were taken 
from Aristotle while the botanical pas- 
sages with one or two exceptions came 
from Theophrastos. The passages are, 
as a whole, well chosen, but students of 
biology will hardly be benefited by limit- 
ing their readings to the selections which 
happened to appeal to the editors. They 
can get much more and get it just as 
easily from the English translations of 
the biological works of Aristotle and 
Theophrastos. 


The medical quotations lean heavily 
on the Hippocratic Corpus, although 
many passages are taken from Celsus, 
Galen, Dioscorides and others. Here, of 
course, the editors had more sources 
available to them. In the section on 
physiological psychology, on the other 
hand, they were apparently forced back 
to Aristotle and Theophrastos. Agricul- 
ture, though an important science in an- 
tiquity, is practically ignored, except for 
a few incidental references to it in the 
selections from Theophrastos. Hesiod is 
dismissed with a casual reference while 
the great Roman agricultural writers do 
not come within the scope of the book. 

These adverse comments should not 


-be understood to reflect on the value of 


the collection as a whole. Perhaps if the 
editors had spent many years in comb- 
ing the whole of Greek literature for pas- 
sages of biological interest they would 
have been able to produce a collec- 
tion of more importance to biologists. 
This source book, however, is directed 
toward a much larger group, toward all 
scientists who are interested in the be- 
ginnings of science, toward historians 
who realize that science is an important 
factor in history, and toward humanists 
who want an overall view of civilization. 
They have set themselves an important 
task and have accomplished it. 
Conway ZIRKLE 

University of Pennsylvania 
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AN HEREDITARY D 


IGITAL ANOMALY 


OF CATTLE* 


S. W. Mean, P. W. Grecory AND W. M. REGAN 
University of California, Davis 


ECENTLY a veterinarian, Dr. 
R Carroll E. Dow, of San Joaquin 
County, California, brought to 
our attention a peculiar anomaly of the 
feet and legs which he encountered in a 
registered Jersey herd. His report indi- 
cated that the predisposing agent might 
be genetic. The owner was eager to get 
at the primary cause, and consequently 
placed at the disposal of the authors all 
the records and observations bearing on 
the condition. 
Five afflicted animals, four heifers and 
a bull, had been born during the preced- 
ing four years. The first case occurred 
in a bull calf (tattoo J36) born March 
30, 1943. The others were born during 
1945 and 1946 respectively. According 
to the owner all five, though appearing 
normal at birth, began to manifest lame- 
ness at from two to four months of age. 
The veterinarian who looked after the 
first two cases diagnosed the condition 
as being caused by founder or overfeed- 
ing. After this diagnosis, all calves were 
4 more cautiously fed, and the concentrate 
ration reduced. It was under this regime 
that the last three cases developed. A 
second veterinarian was then looking 
after the herd. After a conference, these 
two veterinarians agreed that improper 
feeding was not the conditioning factor, 
but that some other causal agent should 
be sought. It was at this time that the 
condition was called to the attention of 
the authors. The purpose of this report 
is to record the anomaly with as many 
details as possible. 


Description 


The authors examined three of the 
five anomalous calves. At the time of 
observation, their ages were eight, four- 
teen and eighteen months respectively. 
Additional information was furnished by 
the owner. Table I and Figure 8 may 


*This study was supported by the Kellogg 
application of Genetics to Farm Mammals. 
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be used to supplement the following de- 
scription. 

When observed, affected heifers #J75, 
#J85 and #J87 were in a small lot con- 
taining lush pasture of grasses and leg- 
umes. The two older ones, #J75 and 
#J85, appeared to keep off their feet as 
much as possible. They were quite gen- 
tle, and it required considerable prod- 
ding to get them to stand. When on 
their feet, they walked as little as possi- 
ble, and lay down immediately when the 
agitator retired a few steps. It was quite 
evident that to stand or walk was pain- 
ful; and that there was more discom- 
fort in the fore than in the hind feet. 


According to the owner, each animal 
grazed and went to water of its own vo- 
lition. A characteristic grazing pose of 
one of the older animals is shown in 
Figure 6. To protect the more sensi- 
tive front feet they carry the weight of 
the fore quarters on their knees as they 
graze. In grazing, a certain amount of 
locomotion is accomplished by walking 
on the knees. While under observation, 
the youngest heifer, #J87, spent more 
time on her feet. Most of the time she 
grazed from a standing position, but 
would rest her fore feet occasionally by 
kneeling. It appeared that in the young- 
er animals the feet are less sensitive than 
in the older ones, and this belief is sup- 
ported by the observations of the owner. 

The four photographs of #J85 illus- 
trate rather well, specific manifestations 
of the anomaly (Figures 6 and 7). The 
stance assumed in 64 is an attempt to 
obtain a more comfortable position while 
standing on the concrete slab, which she 
obviously disliked. She was reluctant to 
get on the concrete, and in her efforts 
to get on soft ground immediately took 
up any slack allowed in the restraining 
halter rope. 


Fund of the University of California for the 
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“FEET HURT!” 
Figure 6 


When cow No. J 85 is forced to stand on concrete she assumes a peculiar stance as a re- 
action against discomfort. When she grazes she habitually drops to her knees and “walks” in 


this position. 


Figure 7 shows the details of the 
forelegs. It will be noted that the knees 
are heavily calloused and denuded of 
hair, resulting from contact with the 
ground while moving about. The hoofs 
are smaller than normal, slightly mal- 
formed, and deeply cleft to the hairline. 
A similar situation prevails in the hind 
feet but is slightly less exaggerated. 

It was only possible to make a super- 
ficial examination of the feet and legs 
and the extent and nature of the modi- 
fication was not accurately determined. 
Gross examination of living animals in- 
dicates that the derangement is greatest 
in the hoofs and phalanges, the most dis- 
tal parts of the appendages. The hoofs 
are greatly spread, probably due to a 
lack of tone in the muscles and ligaments 
holding the phalanges together. There 
are probably modifications in the meta- 
carpals, carpus, and tarsus. It is also 
likely that some of the derangements are 
of primary origin caused by inherent 
faulty anatomy; while other derange- 
ments are of a secondary or develop- 
mental origin resulting from abnormal 
walking and standing while seeking a 
more comfortable position. 

All the cases were first observed from 
two to four months of age when the 
calves first became lame. If there is a 
morphological manifestation of the con- 
dition before the onset of lameness, it 


was never recognized by the owner. All 
the observations indicate that the pri- 
mary derangement may be congenital 
and probably has a recognizable morph- 
ological manifestation at birth or prior 
to the onset of lameness. Actual lame- 
ness may be correlated with secondary 
changes. Increase in body weight may 
be a contributing factor. Even though 
all appendages are involved, the normal 
anatomical structure of the anterior ones 
may be more adversely affected. The 


observations indicate that the predispos- , 


ing agent becomes effective late in on- 
togeny. All the other characteristics of 
the animals were normal. Growth rate 
was not adversely affected. The females 
had normal estrus cycles, but none was 
bred, since any animal manifesting the 
anomaly is a liability in either a regis- 
tered or a commercial herd. 


Evidence of Heredity 


After the attending veterinarians con- 
cluded that over-feeding or founder 
could not account for all five cases, they 
sought another explanation. Since all 
the environmental factors of feeding, 
management and health were favorable, 
it was logical to suspect a genetic cause 
which was suggested when the authors 
were consulted. 

A pedigree net-work showing the an- 
cestry of all afflicted animals is presented 
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MISSHAPEN FEET 
Figure 7 


Note the misshapen fore-feet with the hoofs set wide apart. The calloused knees from 
which most of the hair has been worn are the result of long hours spent in the position shown 
in Figure 6. The hind feet show defects similar to the fore feet, but apparently they are not 


as painful. 


in Figure 8. Since the authors were not 
to divulge the identity of the owner, 
code numbers rather than registration 
numbers are used. The pedigree offers 
strong evidence that the anomaly may 
be conditioned by heredity and a mono- 
genic autosomal recessive is indicated. 
The origin of the gene in the herd is 
intriguing. All five affected individuals 
are descended from three common male 
ancestors, namely bulls #20, #22, 
and #25. For practical purposes, which 
will become evident later, #23 may be 
used as the common ancestor rather than 
#25. Since #4, the sire of three defec- 
tive calves, is not a descendent of #22, 
it is suspected that #22 is not a carrier 
of the conditioning gene, even though all 
of the defective calves are descended 
from him through at least one parent. 
All the evidence indicates that #23 may 
be heterozygous, but probably the most 
conclusive comes from the dam of #J36. 
There is some doubt as to the origin of 
the gene in sires #1 and #4. Since sire 


#23 is assumed to be heterozygous, it is 
possible that both sires #23 and #1 
could have obtained the gene from #25. 
Even if it were possible to prove definite- 
ly that sire #25 is heterozygous, it fails 
to solve the origin of the gene in sire #4. 
What seems to be a more tenable hy- 
pothesis is that sire #20 is heterozygous 
and that #4 obtained the gene from him; 
furthermore, that #1 may have obtained 
the gene from either #20 or #25, and 
in either event #13 must be heterozy- 
gous. Thus, bulls #20 and #23 are 
charged directly with the responsibility 
of introducing the gene into the herd. 
Usually these two bulls would be 
thought of as unrelated, yet they do have 
one great-grandparent in common, and 
could have obtained the gene from a 
common source. 

Additional data from breeding tests 
supplement the pedigree analysis. A 
complete record of all the progeny of 
sires #1 and #4 was provided by the 
owner. A summary of the progeny of 
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ALL AFFECTED INDIVIDUALS RELATED 
Figure 8 
Pedigree network showing the ancestry of 
the five animals manifesting the foot anomaly. 
The solid lines trace descent through sires; 
the broken lines through dams. 


these sires mated to daughters of sires 
assumed to be heterozygous, from the 
study of the pedigree, is assembled in 
Table II. The expected or calculated 
values are based on the assumption that 
12.5 percent of the progeny should be 
defective. From Figure 8 it should be 
observed that all of the daughters of 
bull #1, to which bull #4 was mated, 
are also descended from sire #23, and 
in another line from sire #13. Both sires 
#23 and #13 were assumed to be heter- 


TABLE I. A summary of the pertinent data concern- 
ing the calves manifesting the digital anomaly. 


Te 
& 
a 
3-30-43 ? Toe spread which 


made walking 
difficult. Thought 
to be caused by 
foundering. 
Butchered at 10 
months. 

Became lame at 2 
months and the 
condition pro- 
gressed with age. 
She grew out well 
and was butchered 
as a yearling. 
Condition thought 
to be caused by 
foundering. 


173 Q 8-15-45 2months§ -...... 


J75 Q 11-30-45 2months 18 months 
Q 5-24-46 4months 14 months Photographed 
by authors. 

8 months Ligaments hold- 
ing phalanges and 
metacarpals to- 
gether were 
telaxed. 


J87 Q 11-29-46 ? 


ozygous from the pedigree analysis; 
hence it is not surprising that three of 
the four progeny of bull #4 from daugh- 
ters of #1 (Table II) exhibit the anom- 
aly. On the whole, this is an excellent 
agreement throughout between the ob- 
served results and the theoretical expec- 
tations. 

The assumption that the hereditary 
cause is a recessive monogenic autoso- 
mal is justified. 


Discussion 


This paper is one of a series report- 
ing detailed results obtained from the 
Dairy Cattle Breeding Project of the 
California Agricultural Experiment Sta- 
tion. A record of the earlier papers is 
available in the report of Regan, Mead 
and Gregory.1 The primary objective of 
the program is to record as completely 
as possible all data concerning the ge- 
netics of dairy cattle. 

It is granted that all genes are not of 
the same value and promise in breeding 
higher yielding and more efficient cattle. 
At the present stage of our knowledge, 
no one can predict the importance of the 
role a seemingly insignificant gene may 
play in opening up new approaches that 
lead to the increase of knowledge. 

It is assumed that this hereditary 
anomaly is rare, since the authors have 
never observed it before, nor have they 
found any breeders who have. If it has 
been reported in the literature, it has es- 
caped their attention. Ordinarily, the 
causitive gene would not be classed as 
lethal, because death in those so classed 
is usually brought about by primary 
TABLE II. Results of mating bulls 1 and 4 to daugh- 


ters of bulls 1, 13, and 23, that a pedigree analysis 
indicate are heterozygous. 


Daughters Progeny 

Sire of Sire Normal Affected 

{ 23 6 1 

1 13 6 1 

Total progeny of sire 1 12 2 
Expected* 12.5 1.75 

7 0 

4 13- - 5 0 

{ 1 1 3 

Total progeny of sire 4 13 3 

Expected* 14 2 

Total progeny of 1 and 4 combined 25 5 
Expected* 26.25 3.75 


*All expected values are calculated on the basis that one- 
eighth of the progeny should be defective. 
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causes. Yet in nature, animals manifest- 
ing the defect would be so severely pe- 
nalized in securing food, water, and the 
evasion of predators that there would 
probably be perfect selection against re- 
cessives. Death, however, would result 
from secondary causes. Even though re- 
cessives can easily survive under domes- 
tication, man will be as ruthless in elimi- 
nating them as a wild state that is hostile 
to ill-adapted forms. For practical pur- 
poses, the causative gene may be classed 
as sub-lethal, but some may prefer to 
include it in the viable deleterious group. 

Even though the name must be with- 
held, the authors are in great debt to 
the owner of the herd in which this 
anomaly occurred. All of the excellent 
records which had been kept with metic- 
ulous care were made available for study. 
Throughout it was an excellent example 
of a breeder cooperating to obtain the 
maximum amount of information from 
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his herd. The authors are also under ob- 
ligation to Dr. Carroll E. Dow, the at- 
tending veterinarian, who first directed 
their attention to the anomaly. 


Summary 


A study was made of a digital anomaly 
which occurred in a herd of registered 
Jerseys in the San Joaquin Valley. 
Calves manifesting the condition became 
lame from two to four months of age. 
After onset, the condition was progres- 
sive until, at eighteen months of age, 
standing or walking caused obvious dis- 
comfort. The fore feet are more adverse- 
ly affected. A study of pedigrees and 
mating results indicates that a single 
autosomal recessive gene conditions the 
anomaly. 


Literature Cited 


1. RecGan, W. M., S. W. Mean, and P. W. 
GREGORY. Growth 11: 101- 131. 1947, 


Classifying Malocclusion 


To THE EpiTor: 
From personal experience as an editor, I 


hesitate to lay even one stone in the rocky. 


path of a colleague, but my interest in the 
field of orthodontics prompts me to comment 
upon the article of S. Edmund Stoddard, “In- 
heritance of Malocclusion,” in Volume 38, 
Number 4, April 1947, page 117. 

I am at a loss to know how Mr. Stoddard 
obtained his simplification of Angle’s classi- 
fication of malocclusion. I am sure the old 
gentleman would turn over in his grave if he 
could see the liberties which have been taken 
with his own statements. For example, Mr. 
Stoddard makes the following statement of 
Class I: “Class I—The first permanent mo- 
lars, and the teeth back of them, are straight 
and are in normal alignment.” There is noth- 
ing in Angle’s Class I which indicates that 
there must be a normal relation between the 
occluding surfaces of upper and lower posterior 
teeth in Class I. Class I means only that there 
is a normal anterior-posterior relationship be- 
tween the teeth and dental aches. The pos- 
terior upper teeth may be to the buccal or 
lingual, likewise the lowers, and there may be 
marked rotations any of which conditions will 
place them in malocclusion. 

While it is somewhat hazardous to question 
the legend which appears under Figure 8 on 
page 117 from the view of this cut only, the 
photograph gives every appearance of a Class 


II rather than a Class I malocclusion. From 
this one view I think most orthodontists would 
classify it as a Class II, Division 1 malocclu- 
sion, although the teeth on the left side might 
be in normal anterior-posterior reiation, in 
which case it would be a Class II, Division 1, 
subdivision. (Angle) 

I am offering this criticism because I be- 
lieve that the valid portions of this article 
are discredited in a measure at least, by the 
misstatements which appear through the au- 
thor’s lack of knowledge in the field of ortho- 
dontics. Harotp J. Noyes, Dean 

University of Oregon Dental School 
Portland 14, Oregon 


Commenting on Dr. Noyes’ criticism author 
Stoddard writes in part as follows: 

Being primarily a student of genetics I asked 
several dentists to comment on the work presented 
in the article. The dentist who made the cast clas- 
sified the malocclusion illustrated in the article as 
Class I 

With reference to the other criticism I wish to 
state that in the article submitted to the JouRNAL 
or Hereopity the original classification of Angle’s 
was used. The Editor of the JouRNAL requested a 
simplification of terminology and presentation. This 
was done with the idea of giving the facts neces- 
sary for the general reader. Again a professional 
student of the subject was asked for an opinion. I 
feel the criticism offered by Dr. Noyes is that of a 
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specialist protesting, as is usually the case, when 
the subject of his field is made popular. 

May I call to the attention of those interested 
that the criticisms offered are not directed against 
the main theme of the article. I believe that he- 
redity should be considered as one of the causes 
of malocclusion and that many investigations should 
be made on this subject. 


Since the JouRNAL or HerepiTy circulates 
largely among non-dentists, it was essential 
for our purposes to get a simple non-technical 


of Heredity 


statement of what Angle’s classification meant. 
The quotation as originally submitted by Mr. 
Stoddard was not clear to the orthodontically 
unsophisticated. Hence the request that he 
give us a watered-down, plain English version. 
That the orthodontists are confused is regret- 
table, and for requesting a non-orthodontic 
simplification the Editor is guilty. 

But there is a considerable ray of hope. Mr. 
Stoddard and Dean Noyes both agree that the 
main theme of the article is not invalidated. 

—Eb. 


THE ALGEBRA OF GENETICS* 


OST of the elementary proposi- 
tions or cases on which popula- 
tion genetics rests are assembled here in 
a form reasonably convenient for stu- 
dents. The foreword states that it is pri- 
marily the author’s lecture notes for a 
course which he has been giving for 
several years to senior students. Al- 
though it is written simply enough that 
senior students who have had statistics 
and a little calculus will understand it 
(Indeed algebra and genetics are the 
only prerequisites to understanding most 
of it), yet in most American colleges it 
would be more appropriate for graduate 
classes. 
The subject is approached primarily 
from the standpoint of already knowing 
the Mendelian situation and of wishing 
to express the relations between gene 
frequency and how those may be changed 
by mating systems, mutation, selection, 
isolation, and migration. All but a few 
of the cases deal with the behavior of 
only one or two pairs of genes at a time, 
although the detail is such that poly- 
pioidy is included. The book is not so 
complete from the standpoint of a natu- 
ralist or a plant or animal breeder want- 
ing to estimate the genetic causes or pe- 
culiarities of the facts he observes. This, 
however, conforms to its being entitled 
“An Introduction to .” Tt does not 
give the reader as full an appreciation 
of the practical limitations and biological 
facts of the field as Dahlberg’s “Mathe- 
matical Methods for Population Genet- 
ics,” does for human genetics, for exam- 


ple, but it does have a broader base and 
simpler presentation of the algebra of 
genetics. 

Typographical errors are few and will 
scarcely be confusing. No actually er- 
roneous statements were noted except 
that occasionally a qualification was 
omitted in the interest of simplicity or 
a statement might have been generalized 
more broadly. For example the defini- 
tion of equilibrium at the top of page 18 
seems to imply that random mating is a 
necessary condition for equilibrium. Al- 
so the fact that the generations overlap 
considerably in nearly all organisms 
makes the approach to equilibrium still 
more rapid than the author pointed out 
at the top of page 71. 

The author draws extensively on th 
publications of Wright, Haldane, Hog- 
ben, Dahlberg, Fisher and others, but 
he does not seem to be so exclusively a 
disciple of any one of them, that the re- 
viewer could deduce under which one 
Dr. Li had studied! 

_ The major utility of the book is that 
it can serve well as a convenient com- 
pendium of a large portion of the first 
steps toward describing populations 
quantitatively. Only a little is entirely 
original, except in the manner of pres- 
entation. This in many cases is surpris- 
ingly and pleasingly simple. A teacher 
wishing to use it as a text will rejoice 
at the problems and exercises which fol- 
low each of the 21 chapters. 

J. L. Lusu 

Towa State College 


*An Introduction to Population Genetics. Cutnc CHUN Lt. 321 pp. National Peking Uni- 


versity, Peiping, China. 1948. 
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REDUCED PENETRANCE IN THE INHERI- 
TANCE OF CORTICAL CATARACT 


C. L. ANDERSON 
Michigan State College 


aract was observed more than a 

century ago. In the genetics of 
cataract, investigators report such a di- 
versity of findings that one is inclined to 
question the validity of the results. How- 
ever, detailed study reveals the possible 
reasons for the apparently conflicting 
data and conclusions reported by differ- 
ferent investigators. 

In the human, many different types of 
cataract have been recognized, each per- 
haps a separate entity. Differentiation of 
types is made upon the basis of the time 
of development and the pattern of opac- 
ity.* These different forms of cataract 
while not classified on a basis of differ- 
ing chemical pathology, may neverthe- 
less represent characteristic identities 
which are specific in inheritance. It is 
apparent that one form of cataract in a 
given lineage may exhibit a very differ- 
ent pattern of transmission than another 
form of cataract in another lineage. Even 


Te influence of heredity upon cat- 


4 the same form of cataract may manifest 


different patterns of transmission in dif- 
ferent families since the basic physiolog- 
ical factor in one case may be an imbal- 
ance in protease action, in a second case 
it may be a reduced hydrogen ion con- 
centration, and in a third family it may 
be an excessive loss of crystallin, or even 
an excess of calcium. 

With the number of possible etiologi- 
cal factors in cataract, perhaps the in- 
vestigator should expect to find a variety 
of patterns in its inheritance. A consis- 
tent pattern of transmission in all pedi- 
grees of cataract is not to be expected. 
When the pathology of cataract is better 
understood, the reasons behind the ap- 
parent differences in its inheritance may 
be better understood. 


Pathology 


Cataract is a condition in which parts 
or the whole of the crystalline lens or 
its capsule (envelope) become opaque 
to light rather than transparent. It in- 
volves an alteration of the constituent 
chemical materials. It may make its ap- 
pearance during intra-uterine life (con- 
genital), it may first appear during child- 
hood (juvenile), in early adulthood, 
during middle life, or in old age (senile). 
Walther’s dictum that every person who 
does not die prematurely eventually be- 
comes cataractous is at least partially 
supported by Vogt'® who concluded 
after meticulous slit-lamp examinations 
that 90 percent of all persons over sixty 
years of age show pronounced changes 
in the composition of the lens. 

Neither the chemical pathology nor 
the causes of the chemical changes of 
cataract are too well understood. How- 
ever, it is known that the lens grows 
continuously by adding new fiber at the 
periphery and forcing the more aged 
fibers toward the center. As a result, 
the nucleus will be composed of the old- 
er fibers and the cortex will be com- 
posed of the younger fibers. As one 
would expect from the continuous 
growth of the lens throughout life, the 
protein content of the normal lens in- 
creases with age. However, cataractous 
changes are reflected by a decrease in 
the total protein content. In the cata- 
ractous lens a consistent loss of nitrogen 
is evident as maturity advances but the 
nitrogen percentage of the mature cata- 
ractous lens, though lower than that of 
the normal lens, is higher than that of 
the intumescent lens. This discrepancy 
is due to the high water content of the 
intumenscent lens which lowers the per- 


*The following principal forms of cataract are recognized: cataract totalis congenita, senilis, 
praesenilis, axial, coronaria, lamellar, cortical, zonularis, nuclearis, pulverulenta, coralliformis, 
stellata, and diffuse posterior praesenilis and punctata. 
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centage nitrogen. Krause!” showed that 
normally the nucleus of the lens con- 
tains a higher percentage of the total 
protein than the cortex. All soluble nitro- 
gen fractions show a maximum concen- 
tration in the periphery of the lens. How- 
ever, albuminoid, a highly insoluble pro- 
tein, is most concentrated in the nuclear 
zones. Concentrations of alpha crystal- 
lin and albuminoid are nearly inversely 
proportional and Krause suggests that as 
the lens ages, soluble alpha crystallin is 
gradually converted into insoluble al- 
buminoid. Nitrogen distribution of the 
two compounds indicate they are relat- 
ed. Immunologically they are similar. 

Krause has advanced an hypothesis 
regarding lens autolysis and cataract 
which may be briefly summarized. 

There is present in the normal lens 
two proteolytic enzymes, alpha and beta 
protease. Beta protease hydrolyzes na- 
tive proteins but is inactive in the alka- 
line medium of the lens. However, al- 
pha protease can function in the alkaline 
medium of the lens, but since it can af- 
fect only partially hydrolized proteins, 
it has no substrate upon which to act. A 
small amount of proteins, constantly be- 
ing hydrolyzed, are replaced by the syn- 
thesis of new proteins. Whenever the 
acidity of the lens increases, hydrolysis 
begins. The beta protease becomes acti- 
vated, thus breaking down the proteins 
into more simple substances. These sim- 
plified substances serve as the substrate 
for the alpha protease until amino acid 
is produced, lowering the pH. Thus, the 
number of molecules in the lens increases 
with a resulting increase in osmotic pres- 
sure. Water diffuses into the lens, re- 
sulting in an intumescence. The prod- 
ucts of decomposition diffuse out of the 
lense into the surrounding medium. At 
this stage the lens weighs less than nor- 
mal. Obviously, a rupture of the capsule 
would result in more rapid autolysis. 
Only beta crystallin is hydrolyzed to any 
extent, alpha crystallin and albuminoid 
remain. 

Another possibility is to be found in 
an alteration of the pH of the lens. En- 
tirely apart from the protease action, an 
acid condition of the lens may produce 
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an opacity. A cataractous lens has a pH 
approaching six. Laboratory tests re- 
veal this as the point at which beta crys- 
tallin is most likely to precipitate. 

A third explanation of the pathology 
of cataract lies in the likelihood of a re- 
duction of either crystallin. Experi- 
mentally, when alpha crystallin is added, 
beta crystallin does not precipitate. Thus, 
the reduction of alpha crystallin in cata- 
ract, in old age, and in the older (nu- 
clear) portions of the lens, would per- 
mit a more ready precipitation of the 
beta crystallin. The reverse also is true. 
Thus, excessive loss of either crystallin 
may cause a flocculation of the other 
fraction. 

Campbell! reports that an increase of 
calcium precipitates alpha crystallin. She 
also reports that excessive sugar, defi- 
ciency of vitamins, disturbance of cal- 
cium metabolism, or loss of cystine from 
the lens are all very likely factors in the 
causation of cataract. 

Von Ammon’s theory that axial cata- 
ract is caused by an early closure of the 
hyaloid artery is of interest since it of- 
fers the possibility of a specific factor 
that initiates the chemical changes which 
result in the opacity of the lens, and thus 
offers a definite landmark which the 
geneticist may follow as the possible in- 
herited factor. 

While further research is necessary to 
validate these possibilities as causes of 
cataract, nevertheless, they are at pres- 
ent of importance in considering the he- 
reditary aspects of the condition since it 
is the underlying physiology which is of 
consequence genetically, not the end re- 
sult of cataract. 

A summary of the significant studies 
of the inheritance of cataract is present- 
ed in Table I, thus permitting a ready 
comparison of them. 


Description of Present Family 


The pedigree under consideration ex- 
tends through five generations over a 
period of 105 years. The first genera- 
tion members of the family migrated 
from Great Britain and settled in the 
Rocky Mountain area. Most of the liv- 
ing members of the lineage are residents 
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FOUR GENERATIONS OF CATARACT 
Figure 9 


The first case on record (born 1843) was apparently of the senile type of cataract. The 
second case appeared in the next generation, the onset of turbidity occurring at age 20. Begin- 
ning with the third generation all cases of cataract were congenital. Parents and siblings of 
II-1 and III-1 had negative histories and are not included in the chart. The first child in the 
fifth generation was born in 1936. Thus far, no cataract has appeared in the nine children of 


this generation. 


of the Rocky Mountain states though a 
few have moved to the Pacific coast 
states. Obtaining accurate data on the 
first generation was extremely difficult. 
However, sufficient data were obtained 
to be of value in understanding the ge- 
netics of the pedigree, and in this sum- 
mary only those members of the family 
will be discussed who have symptoms 
bearing on this problem. 


TABLE I. Summary of studies of the inheritance 
of cataract. 


Genera- Cases of Form of 
Author tions Cataract Cataract Findings 


Nettleship and 


Ogilvie!® 6 18 Circular disc Dominant 
Harmon® 5 19 Lamellar Dominant 
Harmon? 4 6 Axial Chance of 

Dominance 
Harmon? 4 Stellate 

Polar 

Mansor4 4 17 Lamellar Dominant 
Danforth? 3 9 Lamellar Dominant 
Garfunkel® 5 40 Senile Dominant 
Garfunkel? 5 17 Senile Recessive 
Kahn? 3 7 Lamellar Dominant 
Halbertsma* 3 49  Coerulea punc- Dominant 


tata anterior 
Posterior perinu- 
clear zonular 


Hornbach and 


de Garis® 5 34 Undetermined Dominant 

Halbertsma® 4 12 Congenital D 

Kugelberg!™ 2 8  Snydermatotica Recessive 

Huber!9 3 16 Senile Recessive or 
Dominant of 
low penetrance 

Hoffmans® 3 8 Farly adult Dominant 


In the pedigree chart shown in Figure 9, 
I-1, born in 1843, was partially blind during 
adulthood. The condition became more pro- 
nounced with age but no record exists of a 
professional diagnosis. However, his daughter- 
in-law, II-1, whose husband, II-2, was cata- 
ractous, reported that the condition of I-1 was 
generally accepted as being “cataract of old 
age.” The wife of I-1 had no known visual de- 
fects. This marriage produced four sons, three 
with normal vision, and II-2, born in 1870, 
who first showed evidence of cataract at about 
age 20. His condition was diagnosed as cata- 
ract by the family physician. The descendents 
of II-3, II-4, and II-5 suffered no known vis- 
ual defects. For that reason their offspring are 
not charted. For the same reason, the parents, 
and siblings of II-1 and III-1 are not included 
in the chart. 

The marriage of II-1 and II-2 produced 
seven children,. four (III-2, III-7, III-8, and 
III-9) (36 19) with normal vision and three 
(III-5, III-11, and III-13 (39) with congeni- 
tal cataract. All three exhibited the cataract- 
ous condition at birth. This is an apparent 
change in the time of cataract appearance. Ge- 
neticists have generally maintained that early 
or late alteration of the lens fibers is inherited. 
Here the cataract appears to form earlier in 
life in successive generations, eventually ap- 
pearing as a congenital cataract. All cases of 
cataract appearing in this pedigree after gen- 
eration II had their incipiency in intra-uterine 
life. None of the four normals has developed 
a cataract though they were born in 1887, 1891 
(died age 44), 1893, and 1901. Individuals 
III-7 and III-8 have had no offspring. Females 
III-5, III-11 and III-13, all with congenital 
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cataract, have had 6, 2 and 1 offspring respec- 
tively, all apparently of normal vision. From 
these data one would be inclined to conclude 
that this particular cataractous condition is not 
transmitted through the female. However, one 
must exercise some caution here since, by mere 
chance, if the condition is dominant the proba- 
bility of all offspring being normal, or of all 
being cataractous is in the order of one in 512 
times, a probability which must be respected. 
Of course, the possibility still exists that cata- 
ract may develop in later years in the offspring 
of the cataractous females. The likelihood of 
the gene being associated with the Y-chromo- 
some is, of course, ruled out by the appear- 
ance of the condition in females. Male III-9, 
without cataract, has one daughter (IV-23) 
with congenital cataract and four children IV- 
22, IV-24, IV-25, IV-26 (26 22 with normal 
vision. 

Progeny of III-2 are of special interest to 
the student of heredity. Born in 1887, III-2 
has shown no evidence of cataract. He mar- 
ried three times. So far as could be ascer- 
tained, neither the wives nor their grandpar- 
ents, parents or siblings have been afflicted 
with cataract in any form. The first wife 
(III-1) has given birth to nine children, four 
(28 29) normal and five (46 12) with con- 
genital cataract. Two independent, qualified 
ophthalmologists diagnosed the condition to be 
cortical cataract. Wife number two (III-3) 
gave birth to two normal children (IV-13, IV- 
14). Wife number three (III-4) has given 
birth to one normal child (IV-15). 

The fifth generation made its appearance in 
1936. The last (ninth) child of record (V-9) 
was born in 1946. These nine children have 
shown no indication of the cataractous condi- 
tion. It may manifest itself in later years but 
at this time it can be reported that congenital 
cataract has not appeared in the fifth genera- 
tion. 


Inheritance 


In this pedigree, cataract appeared in 
senile form in the first generation. Cata- 
ract appeared at an earlier age in one of 
four sons in the second generation indi- 
cating that if a hereditary basis exists, 
it apparently is a case of simple domi- 
nance. From this cataractous individual, 
three offspring with congenital cataract 
appeared which would further support 
the original interpretation of simple 
dominance. Further, an alteration in the 
time of the appearance of the cataract is 
evident, the cataract forming earlier in 
life in successive generations, perhaps an 
example of “anticipation.” However, 
two normal siblings (III-2, III-9) had 
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offspring with congenital cataract. Sib- 
ling III-2 had offspring by three wives, 
the cataractous condition appearing only 
in the offspring of the first marriage. 
However, only three offspring appeared 
in the two later marriages, obviously too 
small a number for statistical purposes. 
Nine children in the fifth generation 
have all been normal. Low penetrance 
appears to account for the pattern of in- 
heritance exhibited in this pedigree. The 
condition presumably is dominant with 
low penetrance. As no congenital cata- 
ract cases occurred among the offspring 
of afflicted females it is possible that the 
condition is not transmitted through the 
female. Further, that in the third and 
fourth generations, cataract occurred 
only in the offspring of normal males, 
increases the possibility. However, cau- 
tion would dictate that such an extend- 
ed conclusion, however attractive, is not 
justified at present and that more data, 
particularly in the fifth generation, are 
necessary. At this stage, low penetrance 
is a tenable conclusion in this pattern of 
inheritance. 

What is here interpreted as reduced 
penetrance, where the evidence indicates 
that an individual possesses a dominant 
gene for cataract but does not exhibit 
the condition himself (e.g. III-2), one 
might postulate that the inherited physi- 
logical factor is present but it is coun- 
teracted by other factors. Thus, if an 
excess of calcium is the basic pathologi- 
cal factor produced as a result of the ef- 
fect of the gene for cataract, it may be 
that other factors in the body of this 
particular individual may offset the 
tendency toward calcium excess and pro- 
duce a homeostasis at the normal calci- 
um level. In this event, the gene would, 
in effect, still operate as a dominant 
without an alteration in penetrance. 


Other Heritable Traits 


Kugelberg!® reported endocrine and 
skin abnormalities associated with cata- 
ract. In the present study, special efforts 
were made to discover other hereditary 
traits in the pedigree which might be as- 
sociated with the gene for cataract. Par- 
ticular attention was given to disorders 


Anderson: Genetics of Cataract 161 


of the eyes, skin and endocrines since 
other studies®: 13 had indicated a possi- 
ble relationship of these disorders to the 
cataractous condition. However, the re- 
sults were negative. Definite myopia 
was diagnosed in IV-4 and IV-11 but no 
other cases of this or any other unusual 
condition of the eyes appeared in any of 
the individuals, cataractous or non-cata- 
ractous. No distinctive skin condition 
or endocrine pattern was noted in the 
entire pedigree. 


Summary 


1. Through five generations studied, 
the first case of record appeared to be 
of the senile type, the second case ap- 
peared in the next generation, the onset 
of turbidity occurring at age twenty. 

2. Beginning’ with the third genera- 
tion, all cases of cataract were congeni- 
tal. A total of 11 cataractous and 33 
non-cataractous individuals constituted 
the pedigree. 

3. Three cataractous females had 6, 
3, and 1 progeny, none of whom was 
cataractous. 

4. One non-cataractous male had six 
offspring, one being cataractous. 

5. One non-cataractous male, married 
three times, had five cataractous and four 
non-cataractous children by his first 
wife, two and one non-cataractous chil- 
dren by his second and his third wife re- 
spectively. 

6. In the fifth generation nine non- 
cataractous children were born between 
1936 and 1946. One has a cataractous 
parent (female). Four were born to 


each of two non-cataractous members of . 
this pedigree. 
7. “Anticipation,” or an alteration in 
the time of the appearance of the cata- 
ract is evident, the cataract forming 
earlier in life in successive generations. 

8. Dominance with low penetrance is 
indicated as a tenable interpretation. 

9. No other distinctive condition was 
found which might be associated with 
the gene for cataract. 
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The Question of Professor Prenant’s Self-Respect 


To THE EpiTor: 


The November-December (1948) issue of 
the journal Pensée, of which Professor Pre- 
nant is one of the Directors, carries his article 
“Un débat scientifique en Union Sovietique.” 
After apologizing to the readers for having 
kept mum for several months about the de- 
struction of genetics in USSR, the author de- 
clares that he continues to hold the views 
which he stated in his “Biologie et Marxisme,” 
without however saying what these views are. 
(See page 78 of the March 1949 issue of the 


JourRNAL or Herepity for my review of these 
views.) He then proceeds to declare his soli- 
darity with Lysenko and with the support 
given to the latter by the Central Committee 
of the Communist Party, mainly on the ground 
that “in a socialist country as menaced by ag- 
gression as USSR is, biologists conscious of 
their responsibilities have more urgent tasks 
than to play with theoretical details.” The 
question that remains unanswered is this: how 
much self-respect can one keep after such a 
performance? 
Tu. DospzHANSKY. 
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PLOIDY IN THE HIBERNAL APPLE 
And in Some Malus Species 


Haic DERMEN* 


been somewhat of a cytological 

anomaly. It was reported as tet- 
raploid (47%=68) by Lincoln’ from 
root-tip examination of self-rooted plant 
cuttings and this has recently been con- 
firmed by Vaarama?® in a detailed study 
of meiosis. Edgecombe’s previous re- 
port? that Hibernal was triploid (3r= 
51) was confirmed by Einset and Im- 
hofe.6 Aceto-carmine smear prepara- 
tions of shoot tips from Hibernal trees 
growing at the Plant Industry Station 
at Beltsville and at the Glenn Dale Plant 
Introduction Garden in Maryland also 
showed them to be triploid. These stu- 
dies, and the following account of some 
species of apple, would indicate a basis 
for the existence of Hibernal in two 
forms, triploid and tetraploid. 

That triploid and tetraploid forms 
may exist in a species of Malus was 
first discovered through a cytological 
study of Malus hupehensis (Pamp.) 
Rehd.? Trees of this species grown at 
the Arnold Arboretum of Harvard Uni- 
versity were found to be triploid. Seed 
development in such trees was almost 
entirely by somatic parthenogenesis. The 
embryo sacs, in which the egg cells were 
triploid, developed directly from somatic 
cells. The eggs developed directly into 
embryos giving rise to maternal triploid 
seeds. No megaspore mother cells or 
megaspores took part in the female 
gametogenesis. No self-pollination could 
take place in this species since pollen 
mother cells degenerated completely at 
the time of tetrad development or be- 
fore. However, out of 38. seedlings 
raised, 36 were triploid and 2 were tet- 
raploid. 

The two tetraploids and a few trip- 
loids were brought to Beltsville and 
have been growing at this station since 
1937. While actual cytological studies 


Tie Hibernal apple variety has 


have not yet been made, meiotic be- 
havior in the tetraploids appears to be 
similar to that in the triploid, since not 
a trace of pollen is found in their an- 
thers. Since almost every flower devel- 
ops into a fruit with seeds, whether 
flowers are bagged to prevent pollina- 
tion by insects or left exposed, it is as- 
sumed that in the two tetraploids the 
egg cells are produced and embryos are 
developed in the same way as in the 
triploid mother plant. 

Based on the above account, the tet- 
raploid seedlings among triploid seed- 
lings of Malus hupehensis must have 
originated from fertilization of triploid 
somatic eggs with haploid gametes from 
pollen of neighboring diploid Malus spe- 
cies. The great proportion of the trip- 
loid eggs develop without fertilization 
into triploid embryos, this observation 
indicates that some of the eggs may be 
fertilized, which results in tetraploid 
embryos and plants. An_ interesting 
point to be emphasized here is that the 
two tetraploid plants could not be dis- 
tinguished from each other by any su- 
perficial morphological difference. When 
seed production in the two tetraploid 
plants was examined a difference was 
noted. One tree produced the full num- 
ber of seeds of normal appearance. The 
other tree produced seeds just as abun- 
dantly but the seeds were mostly mis- 
shapen, as in the triploid mother plant 
and in its triploid seedlings, but to a 
greater extent in the latter. It appears, 
therefore, that the male gametes enter- 
ing into the production of the two tet- 
raploid seedlings differed genetically and 
this accounts for the difference in the 
two tetraploid plants. The triploid seed- 
lings, needless to say, were alike in all 
details. 

A comparison of the tetraploid trees 
with the triploids showed that the leaves 


. *Cytologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, U: S. Department 
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of the former were somewhat broader 
and the flowers and fruits were larger. 
The tetraploid trees were also slightly 
broader in shape than the triploids. 
These differences became apparent only 
on close scrutiny of the two polyploid 
forms. 


Other Similar Cases 


A somewhat similar situation appar- 
ently exists in Malus lancifolia Rehd., 
M. coronaria (L.) Mill., and M. platy- 
carpa Rehd.—About a dozen seedling 
trees of the first species have been grow- 
ing at this Station, and M. platycarpa 
material was obtained from the vicinity 
of Baltimore, Maryland.* The seedling 
trees of M. lansifolia and M. coronaria 
were remarkably uniform except for one 
in each group that was somewhat off- 
type. These two seedlings developed a 
greater spread, with broader leaves and 
flower petals than those of the other 
trees in their respective groups. In May 
of 1943, the chromosome number of M. 
lancifolia and of M. coronaria was stud- 
ied from shoot tips by the aceto-carmine 
smear method. This revealed that the 
trees of the two species were uniformly 
triploid except for the single off-type 
tree in each group, which proved to be 
tetraploid. 

In April 1946 meiosis was studied 
in samples of the two types of M. coro- 
naria trees described above and in a 
sample of M. platycarpa. The regular 
type tree of M. coronaria and the sample 
of M. platycarpa were triploid. The 
aberrant tree of M. coronaria was tetra- 
ploid. A tetraploid form of M. platy- 
carpa has been reported by Lincoln and 
McCann.® These authors have also re- 
ported M. coronaria as 4x and M. lanci- 
folia as 3x. It appears then that 44 and 
3x forms of M. platycarpa are in exist- 
ence just as is the case in M. coronaria 
and M. lancifolia. 


Pollen development was studied in 
Malus platycarpa, M. coronaria, and 
Hibernal, but not in M. lancifolia. M. 
platycarpa, 3x had 90 to 95 per cent 
aborted pollen grains; and the normal- 
appearing grains were highly variable in 
size. M. coronaria 3x had about 90 
per cent normal-appearing pollen grains, 
also variable in size; and 44% M. coro- 
naria had over 95 per cent good pollen 
grains of uniform size. The 3x Hi- 
bernal variety had about 70 per cent 
good pollen grains which were variable 
in size, as in 32 forms of the above spe- 
cies. No record is available for 44 Hi- 
bernal. Edgecombe? reports 0.1 per cent 
germination of pollen of triploid Hiber- 
nal, and Vaarama reports 50 per cent 
germination in the tetraploid. The 3x 
and 4x forms of M. hupehensis differed 
from the two polyploid forms of the 
above species and from Hibernal by hav- 
ing no pollen grains whatsoever. 

This brief survey indicates that seed 
development in the triploid forms of the 
above species is apomictic in varying 
degrees and that tetraploid forms also 
occur in all of these species. In the 
progeny of certain triploids, both of 
species and varieties, some seedlings 
may be easily recognized. In the spe- 
cies, however, the tetraploid seedlings 
do not seem to differ greatly in morph- 
ology from their triploid sibs. This close 
similarity of tetraploid and triploid sibs 
seems due to the fact that the tetraploids 
are derived from the triploid. Since the 
triploid parents contributed three gen- 
oms against one genom from a diploid 
source, the three genoms from the tri- 
ploid parent predominate. 

The triploid varieties Stayman Wine- 
sap, Arkansas (Mammoth Black Twig), 
and Turley are commonly regarded as 
having originated as seedlings from 
chance pollination of Winesap,f a diploid 
variety. My colleagues here inform me 


*Cytological observations concerning these species were made in 1943 and 1946 at the sug- 
gestion of Dr. Rogers McVaugh, formerly a taxonomist at this Station. Dr. McVaugh has 


discussed the origin of Malus platycarpa.® 


+This spring pollen of the Winesap was examined under the microscope. There was only a 
scant amount of pollen found in each dehisced anther. The pollen grains appeared to be all of 
the dyad (diploid) type. If this observation proves to be correct, perhaps by the use of Winesap 
pollen in crossing with diploid and tetraploid forms triploid and tetraploid seedlings respectively 


may result. 
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that these triploid varieties resemble 
each other in many respects and in turn 
resemble Winesap. If such origin of 
these triploids is correct, then here also 
as in the cases given above, it may be 
assumed that the whole chromosome 
complement of the Winesap has entered 
into the origin of the above triploids 
and that the two genoms of Winesap 
have shown predominance over the one 
genom from another source. On the 
basis of such a premise, a close study of 
other triploid varieties such as the Bald- 
win, the Gravenstein, the Rhode Island 
Greening, and many others, might re- 
veal the identity of one of the parents 
(if it is still in existence) which con- 
tributed in each case its full chromo- 
some complement in the origin of the 
triploid variety. 

Similar derivations would account for 
the existence of two polyploid forms, 
either under a species name or a varietal 
name, which closely resemble one an- 
other. This further suggests that when 
an appreciable number of seedlings in a 
given progeny of an apple are identical, 
triploidy of the parent may be suspected. 
In such a progeny, uniform-appearing 
plants would be suspected of being tri- 
ploids, the more robust-appearing indi- 
viduals might be tetraploids, and weak 
plants, if any, are probably aneuploids. 
In triploids, if pollen is produced, pollen 
grains are less uniform in size with a 
high percentage of abnormality ; where- 
as, in the tetraploids, even though the 
percentage of normal pollen grains may 
not be as high, a large proportion of the 
grains would be more uniform in size. 

It thus appears that most polyploid 
forms of apple are triploids, and only a 
very few are tetraploids, all of the latter 
probably being derived from triploids, 
it seems probable the Hibernal variety 
of apple which originated in Russia and 
was introduced elsewhere, was prob- 
ably originally a triploid, the tetraploid 
form having been derived from the tri- 
ploid in the same manner as for the 
species reported here. Vaarama!® sug- 
gested that the tetraploid form of Hi- 
bernal which he studied originated from 
some diploid form. The original form 
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in the Hibernal may finally be deter- 
mined from a study of the breeding be- 
havior in the two forms and perhaps by 
a study of embryogenesis, as has been 
done in Malus hupehensis.? 

The recent discovery of sexually func- 
tional tetraploid forms of the apple va- 
rieties McIntosh,? Ontario and Wealthy® 
and Hibernal, and of the species men- 
tioned herein (as well as of some other 
species of Malus) should offer new op- 
portunities for breeding. Two possibili- 
ties are available: to make crosses be- 
tween commercial apples and crabapples 
on the tetraploid level, and to obtain tri- 
ploid forms by crossing tetraploids with 
diploid varieties. This should make it pos- 
sible to produce plants with larger-sized 
fruits than have hitherto been obtained. 
The fruits of a 4x Malus coronaria tree 
at the Arnold Arboretum measured some 
two inches in diameter; they were yel- 
low colored, perfectly shaped, but of ex- 
treme acidity. This crabapple may be 
especially valuable for breeding with 4+ 
forms of commercial varieties, with a 
possible chance that both parents may 
contribute to inheritance of larger size 
of fruit than has been achieved in early 
apple X crabapple crosses. Fruits of 
the trees resulting from the crosses be- 
tween 41 M. coronaria and 4x forms of 
commercial apple varieties may be of 
special value for “the apple-juice indus- 
try” as is pointed out by Bradford.! 
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SCHIZOPHRENIA IN MONOZYGOTIC 
TWINS 


E. J. GARDNER AND F. E, STEPHENS* 


sented by Kallman’?345, Ritidin™ 

and others to indicate an inherited 
predisposition for schizophrenia. Yet 
many medical men and social workers 
are not convinced of the importance of 
heredity as a factor in this abnormality. 
Even among geneticists who have studied 
the problem and are convinced that he- 
redity plays an important role in pro- 
ducing schizophrenia there is no agree- 
ment concerning the mode of inheri- 
tance. Kallman? found the data to agree 
with a mechanism involving a single re- 
cessive gene with incomplete penetrance ; 
Ridin’ suggested a multiple factor hy- 
pothesis ; and Koller® found that a domi- 
nant gene with a modifier would fit the 
data better. 

The twin study method is one of the 
best available means of determining the 
part played by heredity in the expression 
of schizophrenia though it is not useful 
in determining the manner of inheri- 
tance. Kallman and Ridin have made 
use of this technique as a part of their 
extensive research on the problem. Kall- 
man}. has statistically analyzed data ob- 
tained from institutional cases including 
a large number of twin index families 
and has found a high percentage of the 
members of twin pairs to be concordant. 

Schizophrenia in both members of a 
pair of monozygotic twins who had been 
separated for a considerable length of 
time is here reported. One of the writ- 
ers has been personally acquainted with 
these twins for more than thirty years. 
It is felt that data which will accumulate 
from the reporting of such cases as this 
will be of great value in eventually de- 
termining the part played by heredity in 
the expression of schizophrenia. It is 
particularly important that cases where 
the twins have been separated for any 
appreciable length of time be reported. 
The accumulation of data of this kind 
from all possible sources will add mate- 


k evidence has been pre- 


rially to a better understanding of the 
inheritanec of this trait. 


History of the Twins 


Twins A and B were born in a farm- 
ing community. They grew up in the 
same neighborhood, attended public 
schools and worked on a farm during 
summer vacations with their father and 
three brothers (one older and two 
younger). They entered high school to- 
gether but did not succeed well in aca- 
demic work. Their teachers described 
them as being intellectually sluggish. 
Twin A continued through three years 
of high school taking mostly vocational 
courses. He also took vocational work 
at a state college for a short time. Twin 
B left high school after the first year and 
worked at home, taking care of the cows 
for his father. The next spring a rela- 
tive in another state needed help on a 
farm. Twin B went with his youngest 
brother to work during the summer. In 
the fall the two boys remained with the 
relative. The youngest brother went to 
school and twin B worked on the farm 
and cared for the livestock. The twins 
were separated most of the time for a 
period of about five years before symp- 
toms of schizophrenia were observed in 
either of them. The definite departure 
from the usual conduct appeared at 
about the same time when they were 
twenty-two years of age. Although they 
were located in different places and had 
no contact with each other when the 
symptoms appeared, their behavior was 
very similar. 

Twin A was working in his father’s 
field in company with his next younger 
brother and a hired man on the day his 
brother first noticed a departure from 
the usual conduct. While they were eat- 
ing together in the field, twin A acted 
suspicious of the lunch his mother had 
prepared for him. When his associates 
tried to persuade him to eat, he accused 


*From the Laboratory of Human Genetics, University of Utah, Salt Lake City, Utah. 
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them of conspiring with his mother to 
poison him. He ran through the field 
without eating and his brother found 
him at the end of the day in a ditch. 
Grass was observed around his mouth 
and the boy suspected he had been eat- 
ing it. During the next two months his 
brother spent much time following twin 
A in an effort to keep him out of trou- 
ble. Twin A moved from his room in 
the house into the barn and slept in the 
straw. When his brother approached 
him with food from the house, he would 
run into the adjoining field and hide. 
Several times twin A was found eating 
grass. One morning he stole a neighbor 
boy’s bicycle and left home. His broth- 
er went after him on a horse. It took the 
entire day to catch him and persuade 
him to return home. Twin A threatened 
to kill his brother if he persisted in fol- 
lowing him. The farm work was neg- 
lected to such an extent that the family 
asked to have twin 4 committed to an 
institution. 

Twin B was working on a farm in an- 
other state at the time twin A became 
abnormal and was committed to the 
mental hospital. The departure from the 
usual conduct of twin B apparently oc- 
curred a short time before that of twin 
A although the people who were with 
him do not remember the exact time 
when they first suspected that something 
was wrong with him. He sulked, would 
not answer questions or speak to his 
relatives and would walk away alone. 
He believed his aunt to be conspiring 
against him and kept running away from 
her home. When she tried to reason 
with him, he became excited and threat- 
ened her. She called two doctors to ex- 
amine him and on their recommendation 
he was returned to his home and com- 
mitted to the same institution in which 
twin 4 was located. Twin B was com- 
mitted thre months and sixteen days af- 
ter twin 4 was committed. 


Evidence That Twins Are Identical 


The twins were much alike during 
childhood and youth. At present one is 
heavier than the other but they resem- 


of Heredity 


ble each other closely in general physi- 
cal characteristics. The body build, head 
shape, hand shape, hair pattern and eye 
color are strikingly similar. Their blood 
types are identical being O, N, and Rh). 
Their finger prints have been examined 
by experts and found to be very much 
alike. The older brother of the twins 
says the family has always considered 
the twins to be identical. They now have 
been in the institution for twenty-three 
years. Their behavior in the institution 
is very similar even though they are lo- 
cated in different wards and have no 
contact with each other. The attendants 
who care for them did not know either 
had a brother in the institution until the 
twins were brought together for exam- 
ination by the writers and hospital doc- 
tor. The abnormality is increasing in 
both twins. Both are reported as being 
solitary, negative, and lacking emotion 
and insight although they are quite well 
developed physically. 

The youngest brother of the twins is 
now forty years old. During the past 
five years he also has shown symptoms 
of schizophrenia. He has never married 
and lives with his mother who is now 
eighty-two years old. The older brother, 
who has been called upon for assistance 
in taking care of the youngest member 
of the family during the attacks, says 
that he acts much like the twins acted 
twenty-three years ago, before they were 
committed to the institution. Most of 
the attacks in the younger brother have 
been infrequent and comparatively mild 
but some have lasted two or three days. 
The older brother and the one just 
younger than the twins are both mar- 
ried and have families. They are inde- 
pendent farmers and substantial mem- 
bers of the community. There are no 
other members of the immediate family. 
No schizophrenia is known to exist in 
the families from which the father and 
mother have come but the family histo- 
ries have not been studied extensively. 


Conclusions 


The evidence indicates that A and B 
are monozygotic twins whose history 
with reference to the abnormality is 
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parallel. The similarity in behavior of 
the twins together with the fact that the 
younger brother also shows symptoms 
of schizophrenia, strongly suggests the 
presence of some hereditary mechanism. 
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DWARF CATTLE FOR THE TROPICS 


C. GAZTAMBIDE ARRILLAGA 
University of Puerto Rico 


WARFISM in cattle is not a 
common occurrence. A few 

cases have been reported previ- 
ously in different sections of the world, 
namely the British Islands, Asia, and 
the United States. The Dexter and 
Kerry breeds of cattle in England are 
very small. 

Especially interesting has been the 
transmission of dwarfism to his progeny 
by a purebred Jersey bull in California. 
A genetic study which followed, demon- 
strated that this bull was not homozy- 
gous for dwarfism. He produced both 
normal and dwarf offspring. The impor- 
tance of this discovery consists in re- 
vealing the possibility of obtaining a 
high producing “pocket size” breed of 
Jersey cattle. 

Very little has been said of dwarf 
breeds of cattle in the tropics, but from 
the production viewpoint a combination 
of the characteristics of some of the 
breeds with dwarfism might be of sig- 
nificance in the mountainous regions of 
tropical America. This could possibly 
result in strains of dwarf cattle posses- 
sing high meat and milk productivity 
which would be of importance in human 
nutrition. 

Nothing has previously been reported 
from Puerto Rico of the occurrence of 
hereditary dwarfism in cattle. In ad- 
vanced cases of parasitism among cattle 
under tropical conditions, especially 
when infection occurred at an early age, 


some dwarfing effects have been ob- 
served. These have been accompanied 
by extraordinarily long horns, big mid- 
dles, and long coats of hair. In the in- 
terior hilly section of Puerto Rico, where 
soils are of granitic origin, cattle develop 
a similar condition. These dwarfed con- 
ditions, however, are not natural dwarf- 
ism, but are believed to be the result of 
mineral deficiencies. 

The differences between small size re- 
sulting from extreme parasitism and de- 
ficiency diseases, as compared with 
natural dwarfism, lies in the following 
conditions: in the case of small size re- 
sulting from parasitism and deficiency 
diseases, all organs and parts of the body 
are shorter, thinner, and weaker ; in nat- 
ural dwarfism, however, the animals 
have a normally shaped body, but the 
legs are abnormally short. This is espe- 
cially shown by a very short cannon 
bone and reduction in body length, 
weight, and heart girth. Most important 
of all the features is that natural dwarf- 
ism is the result of inheritance alone. 


Inheritance of Dwarfism 


Dwarfism is inherited as a simple au- 
tosomal recessive (Jull’). Sinnott and 
Dunn’ in their review of the effect of 
genes on the development of size and 
form, conclude that a large number of 
genes are involved in size inheritance. 
Schkljar? arrived at a similar conclusion. 

Native cattle of Puerto Rico are of 
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DWARF PUERTO RICAN COW 
Figure 10 


A cow from the mountains of Puerto Rico showing dwarf stature but normal proportions. 


She has one loose horn, but is otherwise in good condition. 


mountain areas in the tropics. 


European origin. They were imported 
from Spain about the year 1500 and 
thereafter they multiplied rapidly. Un- 
til 1900 they were bred mainly for milk 
and meat. Since 1900, the use of dairy 
sires has become widespread. At pres- 
ent, most cattle have some improved 
blood obtained by crossing with Euro- 
pean breeds. Wide use of the Brahman 
breeds has been made in the southern 
part of the island. However, in the in- 
terior hilly section there are some pure 
native cattle which have descended from 
the original Spanish stock. 

Among these cattle, a few cases of 
dwarfism have been found and studied 
by the author. Two other dwarf cows 
were found in commercial dairies in the 
northern coastal region. These seem to 
be more common in some of the plateaus 
in the hilly section. The type of these 
dwarf cattle is beefy. They produce only 
about five to six quarts of milk daily. 
The color varies, with yellow and white 


Such cattle may be valuable for 


or black and white predominating. They 
are very alert and active by tempera- 
ment and disposition. Live weight was 
about six hundred pounds and _ heart 
girth approximately sixty inches in the 
animals observed. The cannon bone was 
seven to eight inches long. Body length 
was shorter than in the native cow. 


Conclusions 


The number of these dwarf cattle is 
small and not important. However, 
from a genetic viewpoint, they are of 
interest to the breeder as a possible 
source of useful germplasm. The possi- 
bility of conserving and utilizing tropical 
dwarf cattle for breeding experiments 
should be further studied. 
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